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TITLE OF THE INVENTION 
WIRED BOARD WITH BUMP ELECTRODE AND 
METHOD OF FABRICATING THE SAME 

5 BACKGROUND OP THE INVENTION 

FIELD OF THE INVENTION 
The present invention relates to a wired board with 
bump electrodes and a method of fabricating the same, and, 
more particularly, to a bump electrode and a method of 
10 fabricating the same. 

DESCRIPTION OF THE RELATED ART 
There is a fabrication method for a wired board with 
bump electrodes which is discussed below- 

Figs. 1A to IE are schematic cross-sectional views 
15 showing a conventional fabrication method of a wired board 
with bump electrodes. 

As shown in Pig. 1A, a minute pit 11 with a pyramid 
shape is formed on a silicon (Si) substrate 10 by 
anisotropic etching* 
20 Next, a ntetal film 12 is formed on the Si substrate 10 

and a resist 13 is plated and formed on the metal film 12/ 
then the plated resist 13 is opened at the upper portion of 
the pit 11, as shown in Fig. IB. 

Then, an Au layer 14 to be an electrode is buried in 
25 the opening in the plated resist 13 by plating, as shown in 
Fig. 1C. 

Next, an Sn-plated copper lead 15 is aligned with the 
pit 11 and the Au layer 14, and an Sn plating 16 applied to 
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the copper lead 15 is contacted to the Au layer 14 and is 
bonded to the Au layer 14 by thermo-compression bonding, 
thus yielding an Au-Sn alloy between the sn plating 16 and 
the Au layer 14 as shown in Fig. ID. 
5 As the Sn-plated copper lead 15 is separated from the 

Si substrate 10 thereafter, the Au layer 14 formed on the Si 
substrate 10 is transferred to the Sn-plated copper lead 15 , 
forming an Au protruding electrode on the Sn plating 16. 

In this case, a high-concentration diffusion layer may 

10 be used in place of the metal film 12 (see Japanese Patent 
Laid-Open No. 48445/1983). 

However, the prior art has a shortcoming such that if 
the metal film 12 is formed on the Si substrate 10, the Au 
layer 14 is not transferred to the Sn-plated copper lead 15 

15 efficiently because Of a high adhesion strength between the 
metal film 12 at the pit 11 and the Au layer 14. 

On the other hand, the formation of a high- 
concentration diffusion layer in place of the metal film 12 
requires thermal diffusion or ion injection to the Si 

20 substrate 10 over a long period of time, and thus takes time. 
This makes it difficult to mass-produce products , which may 
lead to a cost-up of the products. 

Further, as the adhesion strength between the high- 
concentration diffusion layer of the Si substrate 10 at the 

25 pit 11 and the Au layer 14 is low, the Au layer 14 may be 
separated from the Si substrate 10 by external force, such 
as shocks, applied at the time of, for example, transporting 
or washing the Au-formed $i substrate, thus lowering the 
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yield, 

SUMMARY OP THE INVENTION 

Accordingly, it is an object of the present invention 
5 to provide a wired board with bump electrode and a 
fabrication method thereof in which the production 
efficiency of bump electrodes is improved. 

To achieve the object, a method of fabricating a wired 
board with bump electrode according to the present invention 

10 comprises the steps of forming a resist having an opening on 
a high-concentration impurity semiconductor base; forming a 
conductive layer in the opening in the resist; and forming a 
bump electrode on the wired board by aligning an electrode 
pad formed on the wired board with the conductive layer and 

15 then transferring the conductive layer to the electrode pad. 

Specif ically, the method of fabricating a wired board 
with bump electrode according to the invention selectively 
forms the pit in a semiconductor base, such as Si base, 
which is doped with any one of impurities B, P, As, Sb and 

20 Pt at a high concentration, forais a plated resist layer, 

aligns the plated resist layer with, for example, the pit, 
forms an opening in the plated resist layer, buries a 
conductor of any one of Au, Cu, Ni, Pt f Pd, Ag, Sn and Pb, 
or an alloy or paste containing any one of the elements in 

25 the opening, then transfers the conductor to the bonded 
wired board, thereby forming bump electrode on the wired 
board* 

A wired board with bump electrodes according to the 
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invention is fabricated by the above-described fabrication 
method . 

BRIEF DESCRIPTION OF THE DRAWINGS 
5 figs. 1A to IE are schematic cross -sectional views 

showing a conventional fabrication method of a wired board 
with bump electrodes 

Figs. 2A to 2D are schematic cross-sectional views 
showing a fabrication method of a wired board with bump 
10 electrodes according to a first embodiment of the invention, 
in order of the steps; 

Figs, 3A to 3E are schematic cross-sectional views 
showing a fabrication method of a wired board with bump 
electrodes according to a second embodiment of the invention, 
15 in order of the steps; 

Figs, 4A to 4E are schematic cross-sectional views 
showing a fabrication method of a wired board with bump 
electrodes according to a third embodiment of the invention, 
in order of the steps* 
20 Figs, 5a to 3D are schematic cross -sectional views 

showing a fabrication method of a wired board with bump 
electrodes according to a fourth embodiment of the invention, 
in order of the steps; 

Figs. 6A to 6D are schematic cross-sectional views 
25 showing a fabrication method of a wired board with bump 

electrodes according to a fifth embodiment of the invention, 
in order of the steps; and 

Figs, 7A to 7D are schematic cross-sectional views 
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showing a fabrication method of a wired board with bump 
electrodes according to a sixth embodiment of the invention , 
in order of the steps. 

5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Preferred embodiments of the present invention are 
described below with reference to the accompanying drawings. 
(First Embodiment) 

Figs. 2A to 2D are schematic step-by-step cross- 
10 sectional views showing a fabrication method of a wired 

board with bump electrodes according to a first embodiment 
of the invention. 

First, as shown in Fig. 2A, a high-concentration 
impurity Si template 1, as a high-concentration impurity 
15 semiconductor base f is fabricated by forming a minute pit 2 
at a surface of an Si substrate. The minute pit 2 has a 
pointed shape , a pentahedron shape , a pyramid shape or a 
hemispherical shape and has an opening with a size of 10 fim 
x 10 jam and a depth of about 2 *im. The Si substrate has an 
20 impurity such as boron injected therein at a high 

concentration of , for example, 1 x 10 17 cm" 3 or higher to 
have a low electric resistance of 1 x 10* 1 fi-cm or lower. 

Next/ a resist 3 having a thickness of about 10 \w is 
plated and formed on the high-concentration impurity Si 
25 template 1 and the resist 3 is opened at the pit 2, as shown 
in Fig. 2B. Subsequently/ an electric field is applied to 
the high-concentration impurity Si template 1 and Au is 
buried in the opening in the plated resist 3 by electrolytic 
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plating to form an Au-plated buried layer 4 with a size of, 
for example , 10 jim x 10 pm. 

An electrode pad 6 of Al, Au or so with a size of, for 
example, 10 x 10 p should have been formed on a 
5 semiconductor chip 5. After the plated resist 3 is 

separated from the high-concentration impurity Si template 1, 
the electrode pad 6 on the semiconductor chip 5, as a wired 
board, is aligned with the Au-plated buried layer 4 and is 
bonded together by therrao-compression bonding or the like, 
10 as shown in Pig. 2C. At this time, applying vibration 

energy such as ultrasonic waves or so ensures more effective! 
bonding of the electrode pad 6 and the Au-plated buried 
layer 4. 

Finally, the Au-plated buried layer 4 is transferred 
15 to the electrode pad 6 to form an Au bump 7 whose distal end 
has the shape of a pyramid in case the minute pit 2 has a 
pyramid shape, as shown in Fig, 2D. 

An oxide layer may be formed in place of the plated 
resist 3. The concentration of the impurity should be in a 
20 r*age of 1 * XO 15 c»f 3 to 1 x 10 22 cm" 3 . Further, P, As, Pt or 
Sb may be used as the impurity instead of boron (B). The 
Au-plated buried layer 4 may be replaced with a plated 
buried layer formed of any one of Au, Cu, Ni, Pt, Pd, Ag, Sn, 
and Pb, or an alloy containing any one of those metals. 
25 The Au-plated buried layer 4 may also be replaced with 

a paste of any of the aforementioned materials. It is 
preferable that the material should have a high electric 
conductance. Further, the Au-plated buried layer or its 
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equivalence may b formed by electroless plating, sputtering, 
vapor deposition or printing and the layer forming method is 
not particularly limited. 

Although the use of the semiconductor chip 5 is 
5 mentioned in the foregoing description of the embodiment , it 
can be any substrate on wires are to be formed and which 
needs electric connection to an external circuit via bump 
electrodes . 

As the high-concentration impurity Si template 1 is 

10 doped with an impurity at a high concentration and has a low 
electric resistance , it is unnecessary to form a seed layer 
of electrolytic plating again and Au can be buried in the 
pit 2 by electrolytic plating by applying and electric field 
to the high-concentration impurity Si template 1 itself, 

15 This eliminates the need for a process of injecting an 
impurity at a high concentration, thus leading to a 
reduction in the number of required steps and cost reduction. 

A depth of said pit may be made equal to or greater 
than 1/4 of a thickness of said resist* 

20 (Second Embodiment) 

Figs. 3A to 3E are schematic cross-sectional views 
showing a fabrication method of a wired board with bump 
electrodes according to a second embodiment of the invention, 
in order of the steps* in Figs. 3A to 3E, same reference 

25 symbols are given to those components which are the same as 
the corresponding components in Figs. 2A to 2D. 

The top surface of the high-concentration impurity si 
template 1 is made rough by soft etching , sand blasting or 
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so f thereby forming a rough layer 8 as shown in Fig, 3B* 

The steps as shown in Figs, 3A and 3C to 3E are the 
same as those in Figs. 2A to 2D. 

The rough layer 8 may be formed only in the pit 2. 
5 According to the embodiment, the provision Of the 

rough layer 8 on the high-concentration impurity Si template 
1 increases the boding force between the high-concentration 
impurity Si template l and the Au-plated buried layer 4 
adequately, thereby preventing separation of the Au-plated 
10 buried l^ye?7 4 during the handling o£ the device. 
(Third Embodiment) 

Figs, 4A to 4S are schematic cross-sectional views 
showing a fabrication method of a wired board with bump 
electrodes according to a third embodiment of the invention , 
15 in order of the steps. In Figs. 4A to 4E, same reference 

symbols are given to those components which are the same as 
the corresponding components in Figs. 2A to 2D. 

The resist 3 is plated and formed on the high- 
concentration impurity Si template 1 and is opened at the 
20 pit 2, an Au strike plating is applied to the inner surface 
of the pit 2 to thereby form an Au strike plated layer 9, as 
shown in Fig. 4B. The Au strike plated layer 9 has a higher 
adhesion strength than the Au-plated buried layer which is 
formed by electric-plating. 
25 The steps as shown in Figs. 4A and 4C to 4E are the 

same as those in Figs. 2A to 2D. 

In this embodiment, as the semiconductor chip 5 is 
separated from the high-concentration impurity Si template 1 
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at the interface between the pit 2 and the Au strike plated 
layer 9, the Au Strike plated layer 9 is included in the Au 
bump 7 as shown in Fig. 4E- 

further, the embodiment adequately increases the 
5 adhesion strength between the high-concentration impurity Si 
template 1 and the Au-plated buried layer 4 by forming the 
Au strike plated layer 9 inside the pit 2 of the high- 
concentration impurity Si template 1 to thereby preventing 
separation of the Au-plated buried layer 4 during the 
10 handling of the device - 
(Fourth Embodiment) 

Figs. 5A to 5D are schematic cross-sectional views 
showing a fabrication method of a wired board with bump 
electrodes according to a fourth embodiment of the invention, 
15 in order of the steps, in Figs. 5A to 5D, same reference 

symbols are given to those components which are the same as 
the corresponding components in Figs. 2 A to 2D. 

The resist 3 is plated and coated on the high- 
concentration impurity si template 1 and is opened in such a 
20 way that the si2e of the openings becomes smaller than that 
of the pit 2, Au is buried in the openings by electrolytic 
plating to form the Au-plated buried layer 4 having a size 
of, for example, € |im x 6 |om, as shown in Fig. 5B. 

The steps as shown in Figs. 5A, 5C and 5D are the same 
25 as those in Figs. 2A, 2C and 2D. 

It is to be noted that the rough layer 8 may be formed 
inside the pit 2 or on the high-concentration impurity si 
template 1 as shown in Fig. 3B, or the Au strike plated 
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layer 9 may be formed inside the pit 2 as shown in Fig* 4B. 

Because the size of the opening in the plated resist 3 
is made smaller than the size of the pit 2 in this 
embodiment/ it is possible to form the Au bump 7 which has a 
5 large aspect ratio and whose distal end has the shape of a 
pyramid* This structure makes it harder to cause short- 
circuiting between adjoining metal bumps. This is 
advantageous in forming a narrow-pitch pattern. In case 
where the semiconductor chip 5 with such Au bump 7 is 

10 connected to an unillustrated substrate by flip-chip 
connection, even if external force is applied to the 
substrate or the semiconductor chip 5, the Au bujap 7 can 
relax the stress , making the separation of the Au bump 7 
from the electrode pad 6 harder and improving the 

15 operational reliability. 

in case where the wired board is to be mounted on a 
product whose portability is demanded, particularly r it is 
necessary to make the pitch size of the Au bump 7 smaller in 
order to make the product lighter and thinner, so that the 

20 third embodiment which uakes the size of the opening in the 
plated resist 3 smaller than the size of the pit 2 is 
desirable. 

In case where the wired board is to be mounted on a 
low-cost product, it is often unnecessary to make the 
25 product lighter and thinner, so that the pitch size of the 
Au bump 7 need not be made smaller. Therefore, the si2e of 
the opening in the plated resist 3 may be made larger than 
the size of the pit 2 to reduce the aspect ratio , thus 
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enhancing the strength of the metal bumps. 
(Fifth Embodiment) • 

Figs- 6A to 6D are schematic cross-sectional views 
showing a fabrication method of a wired board with bump 
5 electrodes according to a fifth embodiment of the invention, 
in order of the steps. In Figs. 6A to 6D f same reference 
symbols are given to those components which are the same as 
the corresponding components in Figs. 2A to 2D. 

The resist 3 is plated and formed on the high- 
10 concentration impunity Si template 1 and is opened at that 

portion of the plated resist 3 which is not aligned with the 
pit 2, an electric field is applied to the entire high- 
concentration impurity Si template 1, Au is buried in the 
openings in the plated resist 3 by electrolytic plating to 
15 form the Au-plated buried layer 4 as shown in Fig. 6B. 

The steps as shown in Figs. 6A, 6C and 6D are the same 
as those in Figs. 2A, 2c and 2D- 

It is to be noted that the rough layer 8 may be formed 
inside the pit 2 or on the high-concentration impurity si 
20 template 1 as shown in Fig. 3B, or the Au strike plated 

layer 9 may be formed inside the pit 2 as shown in Fig. 4B. 

As the opening is formed in that portion of the plated 
resist 3 which is not aligned with the pit 2, the Au-plated 
buried layer 4 has such a flexible shape that a part of the 
25 pyramid shape is chipped off. Even if external force is 
applied to the semiconductor chip 5 having the Au bump 7 
with such a shape, the external force is dispersed by the Au 
bump 7, making it difficult to cause deformation. 
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(Sixth Embodiment) 

Figs- 7A to 7P are schematic cross-sectional views 
showing a fabrication method of a wired board with bump 
electrodes according to a sixth embodiment of the invention , 
5 in order of the steps, in Figs. 7A to 7D, same reference 

symbols are given to those components which are the same as 
the corresponding components in Figs. 2a to 2d. 

First, an Si substrate having an impurity injected 
therein at a high concentration of, for example, 1 x 10 17 cm" 
10 3 or higher to have a low electric resistance of l x lCT 1 £1- 
cm or lower is used as the high-concentration impurity Si 
template 1, as shown in Fig. 7A. 

Next, the plated resist 3 is formed on the high- 
concentration impurity si template l and is opened at the 

15 desired portion after which an electric field is applied to 

the entire high-concentration impurity Si template 1, Au is 
buried in the opening in the plated resist 3 by electrolytic 
plating to form the Au-plated buried layer 4 as shown in Fig. 

7B. 

20 T he steps as shown in Figs. 7C and 7D are the same as 

those in Figs. 2C and 2D. 

It is to be noted that the rough layer 8 may be formed 
inside the pit 2 or on the high-concentration impurity si 
template 1 as shown in Fig* 3B, or the Au strike plated 
25 layer 9 may be formed inside the pit 2 as shown in Fig* 4B- 
Because the high-concentration impurity Si template 1 
has a low electric resistance, it is unnecessary to form a 
seed layer of electrolytic plating. Further, applying an 
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electric field to the high-concentration impurity Si 
template 1 can allow Au to be buried in the opening in the 
plated resist 3 by electrolytic plating, which would reduce 
the number of steps and the cost. 
5 According to the invention, as described above, a 

conductive layer is formed on a high-concentration impurity 
semiconductor base having a high strength of adhesion to the 
conductive layer, making it difficult for the conductive 
layer to be separated from the high-concentration impurity 
10 semiconductor base by external force. This can Suppress 

reduction in yield and can therefore improve the production 
efficiency of bump electrodes, 



